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METHOD FOR MANUFACTURING AN OPTICAL FIBER PREFORM 



TECHNICAL FIELD 
The present invention relates to a method for 
5 manufacturing an optical fiber preform, in which a glass rod 
for the core, or a glass rod for the core and the cladding, 
is inserted into a glass pipe for the cladding, the pressure 
inside the glass pipe is reduced while the glass rod and 
glass pipe are heated, and the glass pipe and the glass rod 
10 are formed into a single unit and are elongated. 

BACKGROUND ART 
Three methods can be offered as the principle methods 
for manufacturing optical fiber preforms: OVD (Outside Vapor 

15 Deposition), VAD (Vapor-phase Axial Deposition) and MCVD 
(Modified Chemical Vapor Deposition) . From the standpoint of 
productivity, in VAD and MCVD methods the cladding, which 
comes to occupy a major portion of the optical fiber preform, 
is formed around the outer circumference of the glass rod by 

20 a separate process after the glass rod for the core or for 
the core and the cladding has been manufactured. 

More specifically, a so-called external adhering method 
is known as a method for forming the cladding, wherein, for 
example, fine glass particles called "soot" are deposited on 

25 the glass rod and are heated to make transparent glass. 

In contrast, JP S56-45867B, for example, discloses a 
so-called rod-in-tube method, wherein a glass rod for the 
core or for the core and the cladding is inserted into a 
glass pipe for the cladding, which has been manufactured 

30 beforehand in a separate process, and the glass pipe and 
glass rod are formed into a single unit. More specifically. 




for this rod-in-tube method ^ a method is known wherein the 
glass pipe and glass rod are heated by a burner flame so as 
to press the glass pipe onto the glass rod by the gas of this 
burner flame, thereby forming the glass pipe and glass rod 
into a single unit. Moreover , in a different known rod-in- 
tube method, the pressure within the glass pipe is reduced 
while the glass pipe and the glass rod are heated by a 
heating furnace (heater), for example, so as to form the 
glass pipe and the glass rod into a single unit by the 
pressure difference between the inside and the outside of the 
glass pipe. 

Optical fiber preforms manufactured by the above 
manufacturing methods are made into optical fiber by 
performing a fiber-drawing process, and JP S50-85345A, for 
example, discloses a method for conducting a fiber-drawing 
process at the same time that the optical fiber preform is 
manufactured by a rod-in-tube method. 

In recent years, from the standpoint of reducing 
production costs, for example, in order to meet demands for 
optical fiber preform of an increased size, optical fiber 
preforms have been given a large diameter. When an optical 
fiber preform with a large diameter is drawn into a fiber as 
is, however, a long period of time is required before it can 
be stabilized into an optical fiber of a target diameter, and 
a large amount of preform is consumed. 

In light of the above, before an optical fiber preform 
with a large diameter is drawn into fiber, a diameter 
reducing process is normally performed to reduce its diameter 
to the optimal diameter for producing the greatest yield. 
For example, JP H07-10580A discloses a method for 
manufacturing an optical fiber preform using the above- 





mentioned rod-in-tube method and simultaneously reduceing the 
diameter of that optical fiber preform, so as to improve 
productivity . 

However, when an optical fiber preform is manufactured 
by forming the glass pipe and a glass rod into a single unit, 
bubbles or the like may form between the glass pipe and the 
glass rod. These bubbles increase the transmittance loss and 
cause the difficulties of uniform connection of the optical 
fiber, and therefore bubbles must be reliably prevented 
during the manufacturing of optical fiber preforms. The 
following first and second problems are related to the 
prevention of these bubbles . 

A first problem relates to the pressure inside of the 
glass pipe when the glass pipe and the glass rod are formed 

into a single unit. 

That is, one reason why the above-mentioned bubbles 
occur is because of defects in the inner wall of the glass 
pipe, and also because of moisture and gas that adheres to 
the inner wall of the glass pipe. Therefore, to prevent 
bubbles due to defects, for example, in the inner wall of the 
glass pipe, the glass rod is normally inserted into the glass 
pipe after the inner wall of the glass pipe has been 
thoroughly cleaned and moisture, for example, has been 
completely removed. Furthermore, to prevent the remaining of 
gas that has adhered to the inner wall of the glass pipe, 
when the glass pipe and the glass rod are to be formed into a 
single unit, the pressure in the glass pipe is set to an 
extremely low pressure (pressure reduction level is raised), 
and then the glass pipe and the glass rod are formed into a 
single unit. 

However, if the pressure reduction level within the 




glass pipe is raised for the purpose of preventing bubbles, 
then the glass pipe attempts to suddenly reduce its diameter, 
so that the curvature in the reduced portions becomes large, 
and the amount of thickness aberration increases. This 
results in the problem of core eccentricity becoming larger 
when the glass pipe and the glass rod have been formed into a 
single unit. Core eccentricity easily becomes particularly 
large when a large-scale glass pipe, for example a thick- 
walled glass pipe with a small inner to outer diameter ratio, 
or a glass pipe with a large outer diameter, is used for the 
purpose of manufacturing a large optical fiber preform. In 
order to prevent core eccentricity, it is effective to form 
the glass pipe and the glass rod into a single unit in a 
state in which the level of pressure reduction within the 
glass pipe has been lowered, but if the level of pressure 
reduction is lowered, there is the risk that bubbles will 
form within the optical fiber preform as mentioned above. 

Thus, the first problem when forming the glass pipe and 
the glass rod into a single unit to manufacture an optical 
fiber preform is the conflicting demands for the prevention 
of bubbles from forming due to defects in the inner wall of 
the glass pipe, and the prevention of core eccentricity. 
This first problem is extremely difficult to solve, 
particularly when manufacturing large-scale optical fiber 
preforms • 

Next, a second problem relates to the gap (clearance) 
between the glass pipe and the glass rod. 

When forming the glass pipe and the glass rod into a 
single unit to manufacture the optical fiber preform, the 
glass pipe and the glass rod can be easier formed into a 
single unit and the core eccentricity when forming the glass 





pipe and the glass rod into a single unit is smaller if the 

clearance is small. 

However, if the clearance is made small, the glass rod 
and the glass pipe rub against one another when the glass rod 
is inserted into the glass pipe, and defects occur in the 
inner wall of the glass pipe and the outer wall of the glass 
rod due to this rubbing. This results in the risk that 
bubbles, for example, may form between the glass pipe and the 
glass rod. In particular, when a long optical fiber preform 
is manufactured, a long glass rod is inserted into a long 
glass pipe, and therefore it becomes extremely difficult to 
keep the glass rod and the glass pipe from rubbing against 
one another. 

In view of the above, it would seem that the clearance 
between the glass pipe and the glass rod could be made larger 
when the glass pipe and the glass rod are foraed into a 
single unit and elongated. Specifically, the following four 
methods are conceivable. 

A first method, as shown in Fig. 11, increases the 
clearance between the glass pipe and the glass rod by using a 
glass pipe which has the same outer diameter as a 
conventional glass pipe, and only the inner diameter is 
larger. The dash-dotted line in Fig. 11 shows the inner 
diameter of a conventional glass pipe. With this first 
method, there is the problem that although rubbing between 
the glass pipe and the glass rod is avoided, the cross 
section area of the glass pipe becomes small, and the area of 
the cladding portion is insufficient when the glass pipe and 
the glass rod are formed into a single unit. That is, the 
core/cladding ratio (value of the cladding diameter divided 
by the core diameter, hereinafter abbreviated as C/C) of the 



optical fiber preform must be a predetermined value, and the 
cross section area of the glass pipe must correspond to the 
cross section area of the core in the glass rod. With the 
first method, to set the C/C of the completed optical fiber 
preform to a predetermined value, the glass pipe having an 
insufficient amount of cross section area must be provided 
with additional coats, and therefore it is necessary to carry 
out glass pipe coating two or more times. For this reason, 
there is the problem that together with an increase in 
production costs, the increase in the number of coats raises 
the risk that bubbles will form in the interface of the 
additionally coated glass pipe, and therefore the preform 
will become defective. 

In a second method, as shown in Fig. 12, the clearance 
between the glass pipe and the glass rod is increased by 
using a glass pipe which has the same cross section area as a 
conventional glass pipe, but has a larger inner and outer 
diameter. With this second method, although rubbing between 
the glass pipe and the glass rod is avoided, the diameter of 
the glass pipe must be significantly reduced until the inner 
diameter of the glass pipe becomes the outer diameter of the 
glass rod. For this reason, there is the risk that the glass 
pipe will not uniformly reduce its diameter, thus increasing 
the amount of core eccentricity in the optical fiber preform. 
Moreover, because the cross section area of the glass pipe is 
the same as that of a conventional glass pipe, the outer 
diameter increases in proportion to the amount that the inner 
diameter is increased. In particular, when manufacturing 
optical fibers in which the cladding is large with respect to 
the core, such as single mode optical fibers, it is necessary 
to use a glass pipe that has a large cross section area, and 





thus the glass pipe comes to have an even larger outer 
diameter. In this case, in addition to the occurrence of the 
above-mentioned problems, there is the problem that large 
glass pipes are difficult to obtain and expensive, and 
because the glass pipe has a large outer diameter, there is 
also the problem that manufacturing equipment such as the 
heating furnace must also be large, thereby resulting in 
increased equipment costs and operating costs. 

In a third method, as shown in Fig. 13, the clearance 
between the glass pipe and the glass rod is increased by 
elongating the glass rod to reduce its diameter, rather than 
increase the inner diameter of the glass pipe. The dash- 
dotted line in Fig. 13 indicates the outer diameter of a 
conventional glass rod. Also in this third method, although 
rubbing between the glass pipe and the glass rod is avoided, 
the cross section area of the glass pipe becomes too large 
with respect to the cross section area of the core in the 
glass rod, and it becomes difficult to set the C/C of the 
completed optical fiber preform to a predetermined value. 
That is, the cross section area of the core in the glass rod 
becomes smaller by elongating the glass rod, and thus the 
required cross section area of the glass pipe also becomes 
smaller. However, because the glass pipe has the same cross 
section area as a conventional glass pipe, if the glass pipe 
and the glass rod are formed into a single unit and are 
elongated, the C/C of the completed optical fiber preform 
significantly exceeds the predetermined value. In order to 
set the C/C of this optical fiber preform to the 
predetermined value it would seem that unnecessary portions 
on the glass pipe could be removed by flame polishing, for 
example, but if portions of the glass pipe are removed, the 



optical fiber preform is reduced in size. Moreover, by 
requiring a heretofore unnecessary flame polishing step, the 
number of production steps is increased, thereby leading to 
an increase in production costs. Note that if a glass pipe 
is used that has a cross section area corresponding to the 
diameter of the elongated glass rod, an optical fiber preform 
with the predetermined C/C can be obtained, but there is the 
problem that in this case the optical fiber preform is 
reduced in size and productivity is lowered. 

A fourth method is conceivable particularly for the 
manufacturing of optical fiber preforms for a single mode 
optical fiber, and as shown in Fig. 14, this method secures 
clearance between the glass pipe and the glass rod not by 
elongating the glass rod, but rather by removing the cladding 
portion of the glass rod to reduce its outer diameter while 
maintaining the diameter of the core. Also with this fourth 
method, rubbing between the glass pipe and the glass rod can 
be avoided, but the losses in the optical fiber that is drawn 
out from the completed optical fiber perform are high. That 
is, there may be residual OH groups, which absorb the signal 
light that propagates through the optical fiber core, at the 
interface between the glass rod and the glass pipe in the 
optical fiber preform. In consideration of the above, 
normally the outer diameter of the glass rod is made large so 
as to provide distance between the interface of the glass rod 
and the glass pipe, and the core, and thus, even if there are 
residual OH groups at the interface of the glass rod and the 
glass pipe, the optical fiber is not easily affected by the 
effects of signal light absorption by these OH groups. For 
example, when manufacturing an optical fiber preform for a 
1.3 urn band single mode optical fiber, the outer diameter of 



the glass rod must be approximately 3.6 times (C/C 3,6) or 
more than the outer diameter of the core in the glass rod, 
and normally the glass rod which is used has a C/C of 
approximately 4. However, when the cladding portion of the 
glass rod is removed as in this fourth method, the above- 
mentioned interface becomes closer to the core, and there are 
higher losses in the optical fiber due to the absorption of 
signal light by residual OH groups at the interface. 

Thus, a second problem when forming a glass pipe and a 
glass rod into a single unit to manufacture an optical fiber 
preform is that even if the above-mentioned first through 
fourth methods are used to give an increased clearance and 
prevent the formation of bubbles, the result is an increase 
in the amount of core eccentricity and a drop in productivity, 
among other problems, and it becomes extremely difficult to 
prevent these problems as well. 

An object of the present invention is to prevent the 
formation of bubbles during the manufacturing of optical 
fiber preforms in which a glass pipe and a glass rod are 
formed into a single unit and elongated, and in particular, 
it is an object of the present invention to solve the first 
and second problems related to preventing the foimation of 
bubbles . 

DISCLOSURE OF THE INVENTION 
First, to solve the above-mentioned first problem, the 
inventors repeatedly performed experiments focusing on 
aspects such as the pressure reduction level in the glass 
pipe, the heating temperature, and the feed rate of the glass 
pipe and the glass rod into the heating furnace. The result 
was the finding of conditions for manufacturing an optical 
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fiber preform wherein both the formation of bubbles and core 
eccentricity could be reliably prevented, thus conceiving of 
a first invention. 

That is, it was found that when the glass pipe and the 
glass rod are formed into a single unit and are elongated, it 
is particularly important that the pressure reduction level 
in the glass pipe is optimized to prevent both the formation 
of bubbles and core eccentricity. In light of this, the 
inventors repeatedly performed experiments with a focus on 
this pressure reduction level, and from those results found 
the pressure reduction level in the glass pipe at which core 
eccentricity does not occur and the formation of bubbles can 
be reliably prevented, or in other words, found the optimal 
pressure reduction level. Then, when the glass pipe and the 
glass rod were formed into a single unit and elongated using 
this optimal pressure reduction level, it was found that 
either the glass pipe or the glass rod, or both, were 
elongated before forming into a single unit, and then the 
glass rod and the glass pipe formed into a single unit. For 
example, when the pressure reduction level is too high, the 
glass pipe and the glass rod are elongated after they have 
formed into a single unit, in which case it becomes easy for 
core eccentricity to occur, as mentioned above. On the other 
hand, when the pressure reduction level is too low, the glass 
pipe and the glass rod are not formed into a single unit, and 
after they have both been sufficiently elongated they tend to 
form into a single unit, but in this case they are not 
completely formed into a single unit. In contrast, at an 
optimal pressure reduction level, the glass pipe and the 
glass rod are formed into a single unit after the glass pipe 
or the glass rod, or both, have been elongated. Moreover, it 
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was confirmed that both the formation of bubbles and core 
eccentricity are reliably prevented when the glass pipe and 
the glass rod are formed into a single unit after the glass 
pipe or the glass rod, or both, have been elongated. 
Furthermore / it was confirmed that both the formation of 
bubbles and core eccentricity are reliably prevented even 
when a glass pipe with a large diameter or a glass pipe with 
a thick wall is used, thus conceiving of a first invention. 

More specifically, the first invention is for a method 
for manufacturing an optical fiber preform, wherein a glass 
rod for the core or a glass rod for the core and the cladding 
is inserted into a glass pipe for the cladding, the pressure 
in the glass pipe is reduced while the glass pipe and the 
glass rod are heated, and the glass pipe and the glass rod 
are formed into a single unit and are elongated. 

Then, the glass pipe and the glass rod are formed into 
a single unit after the glass pipe or the glass rod, or both, 
has been elongated, after which the glass pipe and glass rod 
that have been formed into a single unit are elongated until 
the outer diameter of the glass pipe becomes a predetermined 
diameter . 

Here, the value of the optimal pressure reduction level 
depends on the temperature conditions of the heating furnace 
that heats the glass pipe and the glass rod, and the shape of 
the glass pipe and the glass rod, for example the size of the 
gap between the glass pipe and the glass rod. For that 
reason, it is difficult to regulate all optimal manufacturing 
conditions with the pressure reduction level. In light of 
this problem, the inventors found that optical manufacturing 
conditions can be set if the distance with respect to the 
longitudinal direction of the glass pipe and the glass rod is 
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utilized, instead of regulating the above-mentioned pressure 
reduction level, thus conceiving of a second invention. 

More specifically, the second invention is 
characterized in that when the length from the position at 
which the glass pipe or the glass rod, or both, begin to be 
elongated to the position at which the glass pipe and the 
glass rod are formed into a single unit is LI, and the length 
from the position at which the glass pipe and the glass rod 
are formed into a single unit to the position at which the 
glass pipe and the glass rod are elongated so that the outer 
diameter of the glass pipe becomes a predetermined diameter 
is L2, then the glass pipe and the glass rod are formed into 
a single unit and are elongated so as to satisfy the equation 

0.1 ^ L1/(L1+L2) ^0.8. 

Furthermore, the inventors found that the amount of 
core eccentricity also depends on the size of the clearance. 
For example, when there is a large clearance, the curvature 
of the glass pipe increases when the glass pipe diameter is 
reduced by shrinking, and thus core eccentricity easily 
occurs. Then, the optimal manufacturing conditions obtained 
by regulating the clearance were found, and thus a third 
invention was achieved. 

More specifically, the third invention is characterized 
in that when the outer diameter of the glass pipe is DO and 
the inner diameter of the glass pipe is dO, the outer 
diameter of the glass pipe is Dl and the inner diameter of 
the glass pipe is dl at the position where the glass pipe and 
the glass rod become a single unit, then the glass pipe and 
the glass rod are formed into a single unit and elongated so 
as to satisfy the equation (dO/DO) / {dl/Dl) ^ 2. 

For example, when the value of (dO /DO) / (dl/Dl) is large. 
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that is, when there is a large clearance, there is the risk 
that the curvature of the reduced glass pipe diameter will 
increase and cause core eccentricity, however, core 
eccentricity can be reliably prevented by setting the value 
of (dO/DO)/{dl/Dl) to 2 or less, as in the above-mentioned 

third invention. 

The method for manufacturing an optical fiber preform 
according to the first through third inventions is also 
suited for the manufacturing of large-scale optical fiber 
preform, so that it becomes possible to manufacture an 
optical fiber preform while preventing the formation of 
bubbles and core eccentricity even when, for example, a 
thick-walled glass pipe with an inner to outer diameter ratio 
of 0.5 or less is used, or a glass pipe with a large outer 
diameter of 48 mm or more is used. 

On the other hand, to solve the above-mentioned second 
problem, the inventors secured the clearance between the 
glass pipe arid the glass rod not by making the inner diameter 
of the glass pipe large, but rather by focusing on and 
improving the diameter reduction by elongating the glass rod. 
That is, when the glass rod is elongated as in the 
aforementioned third method, problems occur due to the 
reduction in diameter of the core in the glass rod. However, 
if the feed rate of the elongated glass rod when it is feed 
into the heating furnace is faster than the feed rate of the 
glass pipe, then the cross section area of the glass rod at 
the position at which the glass pipe and the glass rod are 
formed into a single unit becomes larger than when the feed 
rate of the glass rod and the feed rate of the glass pipe are 
the same. Thus, in light of this point a fourth invention 
was achieved. 
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More specifically, the fourth invention is for a method 
for manufacturing an optical fiber preform, wherein a glass 
rod for a core or a glass rod for the core and a cladding is 
inserted into a glass pipe for the cladding, the pressure in 
5 the glass pipe is reduced while the glass pipe and the glass 
rod are heated by a heating furnace, and the glass pipe and 
the glass rod are both formed into a single unit and 
elongated . 

Then, the feed rate at which the glass rod is fed into 
10 the heating furnace is adjusted such that it is faster than 
the feed rate of the glass pipe and not more than twice the 
Q feed rate of the glass pipe. 

2 Here, the glass rod can have been reduced in diameter 

S by elongating, for example, that is to say, it can be a glass 

^ 15 rod that has been reduced in diameter without its C/C being 



altered. 

% According to the fourth invention, by making the feed 

rate of the glass rod larger than the feed rate of the glass 
pipe, the cross section area of the glass rod when the glass 
20 rod and the glass pipe are formed into a single unit is 
larger than when the feed rate of the glass rod and the feed 
rate of the glass pipe are the same. That is, when the feed 
rate of the glass rod and the feed rate of the glass pipe are 
the same, the ratio of the cross section area of the glass 
25 rod to the cross section area of the glass pipe is always 
kept constant, but by making the feed rate of the glass rod 
faster than the feed rate of the glass pipe, the ratio of the 
cross section area of the glass rod to the cross section area 
of the glass pipe changes, and thus the glass pipe and the 
30 glass rod are formed into a single unit in a state wherein 
the cross section area of the glass rod has increased 
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relative to the cross section area of the glass pipe. 
Consequently^ by increasing the ratio of the cross section 
area of the glass pipe to the cross section area of the glass 
rod, the effects of core diameter reduction due to the 
elongating of the glass rod are canceled, and the C/C of the 
optical fiber preform obtained by forming the glass pipe and 
the glass rod into a single unit becomes the target C/C. 

The feed rate of the glass rod is set to not more than 
twice the feed rate of the glass pipe for the following 
reason. For example, if the feed rate of the glass rod is 
too much faster than the feed rate of the glass pipe, then 
the glass rod becomes several times the length of the glass 
pipe. Also, when the glass pipe and the long glass rod that 
is inserted into the glass pipe are fed into the heating 
furnace, it is necessary that the equipment for drawing the 
optical fiber preform is of an extremely large size. Because 
of the resulting difficulty in achieving all of the above, 
the feed rate of the glass rod should be not more than twice 
the feed rate of the glass pipe. 

The method for manufacturing an optical fiber preform 
according to the fourth invention is particularly effective 
when, as in a fifth invention, an elongated glass rod that 
whose diameter is small in comparison to the cross section 
area of the glass pipe is used so that the gap between the 
glass pipe and the glass rod becomes large, and the feed rate 
of the glass rod is adjusted so that when the glass pipe and 
the glass rod become a single unit, the set core/cladding 
ratio is achieved. 

In this case, the clearance becomes relatively large by 
setting the glass rod to a small diameter, even if the inner 
diameter of the glass pipe is not large. For this reason. 
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rubbing between the glass pipe and the glass rod is avoided, 
and the formation of bubbles is prevented. An optical fiber 
preform with the target C/C can be manufactured as mentioned 
above by increasing the feed rate of the glass rod, even if 
5 the glass rod has a small diameter. Furthermore, because the 
inner diameter of the glass pipe is not large, the diameter 
of the glass pipe is uniformly reduced and thus core 
eccentricity is avoided. Moreover, a large heating furnace 
is unnecessary, and the cross section area of the glass pipe 
10 does not have to be small to correspond to the reduced 
diameter of the glass rod, and thus large optical fiber 

P preforms can be manufactured. 

Q 

If, as in the fourth and fifth inventions, the ratio 
^1 (Vr/Vp) of the feed rate of the glass pipe Vp to the feed rate 

5 15 of the glass rod Vr is set to 1 < (Vr/Vp) ^ 2, then, for 
2 example, when a large-sized and long optical fiber preform 

5s 

^ with a clearance set to about 5 to 15 mm is manufactured 

^ using a glass rod with an outer diameter of about 25 to 45 mm, 

P and a glass pipe with an inner diameter of about 50 to 55 mm, 

20 problems such as the formation of bubbles and core 
eccentricity can be reliably avoided. 

However, what becomes a particular problem in the 
manufacturing of a large-sized and long optical fiber prefoim 
is when the core diameter, the refractive index difference 
25 between the core and the cladding, or the C/C change in the 
longitudinal direction of the glass rod that is used in the 
manufacturing of this optical fiber preform and which has 
been manufactured by VAD, for example. If such a glass rod 
in which the structure has changed in the longitudinal 
30 direction is formed into a single unit with the glass pipe at 
the same feed rate as the glass pipe to make optical fiber 
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preform^ then the C/C of this optical fiber preform reflects 
the structural changes in the longitudinal direction of the 
glass rod and changes in the longitudinal direction. 

For this reason^ normally the glass rod is partitioned 

5 in longitudinal direction into a plurality of glass rods^ a 
target C/C suited to the structure of each of the partitioned 
glass rods is set and the manufacturing process is adjusted 
at each of the partitioned glass rods^ so that the cut-off 
wavelength in the optical fiber has the desired value. For 

10 example, large sections of the core diameter in the glass 
rods are cut away and the cut glass rods are elongated, and 
the portions in the glass rods in which there is a large 
difference in refractive index between the core and the 
cladding are cut away, and then the glass rods are set to a 

15 target C/C that is higher than normal and the glass rods and 
the glass pipe are formed into a single unit. 

However, partitioning the glass rod into a plurality of 
glass rods and individually adjusting the manufacturing 
process for each of the partitioned glass rods causes 

20 problems such as a drop in yield and the complication of 
managing the manufacturing process. 

A sixth invention solves these problems. More 
specifically, it is characterized by adjusting the feed rate 
of the glass rod so as to form the glass pipe and the glass 

25 rod into a single unit at a desired core/cladding ratio in 
the longitudinal direction. 

Here, what is meant by ''form the glass pipe and the 
glass rod into a single unit at a desired core/cladding ratio 
in the longitudinal direction" is that even if irregularities 

30 in the core diameter, the refractive index difference between 
the core and the cladding, or the C/C occur in longitudinal 
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direction in the glass rod, these irregularities are canceled 
so that the glass pipe and the glass rod can be formed into a 
single unit to make an optical fiber preform with the target 
C/C. 

According to this sixth invention, an optical fiber 
preform with a desired C/C can be obtained even if in the 
glass rod the core diameter, the refractive index difference 
between the core and the cladding, or the C/C change in the 
longitudinal direction. For example, if the glass rod has a 
refractive index difference between the core and the cladding 
that is substantially constant in the longitudinal direction 
but the C/C increases from the end at which glass rod and 
glass pipe integration begins toward the end at which 
integration finishes, then an optical fiber preform with a 
desired C/C in the longitudinal direction is manufactured if 
the feed rate of this glass rod is gradually increased while 
it is formed into a single unit with the glass pipe. Or, if 
the glass rod has a C/C that is substantially constant in the 
longitudinal direction but the refractive index difference 
between the core and the cladding increases from the end at 
which glass rod and glass pipe integration begins toward the 
end at which integration finishes, then an optical fiber 
preform with a desired C/C in the longitudinal direction is 
manufactured if the feed rate of this glass rod is gradually 
reduced while it is formed into a single unit with the glass 
pipe. or, if in the glass rod, both the refractive index 
difference between the core and the cladding and the C/C 
increase from the end at which glass rod and glass pipe 
integration begins toward the end at which integration 
finishes, then an optical fiber preform with a desired C/C in 
the longitudinal direction is manufactured if the target C/C 
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is set at tiny increments in the longitudinal direction of 
this glass rod, and the feed rate of the glass rod is 
increased and decreased based on the set target C/C ratios as 
the glass rod and the glass pipe are formed into a single 
unit. 

Optical fiber drawn from large optical fiber preforms 
processed in this way has a stable cut-off wavelength in the 
longitudinal direction. Furthermore, the manufacturing of 
optical fiber at an improved process yield and low cost is 
achieved. 

The feed rate of the glass rod can be controlled by a 
executing a control program, for example, in which the amount 
of change in the core diameter, refractive index difference 
between the core and the cladding, or the C/C, in the 
longitudinal direction of the glass rod is measured or 
estimated before the glass rod and the glass pipe become a 
single unit, and then the program is configured based on this 
amount of change. Furthermore, when the refractive index 
difference between the core and the cladding in the glass rod 
is substantially constant in the longitudinal direction, a 
feedback control can be performed in which the feed rate of 
the glass rod is controlled according to values obtained by 
measuring the core diameter while the glass rod and the glass 
pipe are being formed into a single unit. 

It should be noted that the same operation and effects 
as mentioned above can also be obtained by adjusting the feed 
rate of the glass pipe. 

The glass rod and the glass pipe are normally formed 
into a single unit once any bend deformations in their shape 
have been corrected, but particularly in the case of 
manufacturing large-sized and long optical fiber preforms, it 
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becomes difficult to correct bends in the glass rod and the 
glass pipe^ because the glass rod and the glass pipe are 
large. On the other hand, if they are formed into a single 
unit without correcting these bends, then there is the risk 
that the amount of core eccentricity in the optical fiber 
preform will increase. 

The seventh invention solves this problem. More 
specifically, it is characterized in that the glass pipe and 
the glass rod are formed into a single unit while the glass 
pipe or the glass rod, or both, are rotated around the 
longitudinal axis of the glass pipe or glass rod. 

When, as in the seventh invention, the glass rod or the 
glass pipe, or both, are rotated around the longitudinal 
center axis while they are being formed into a single unit, 
then the amount of core eccentricity decreases because the 
axial symmetry with respect to the longitudinal center axis 
in the optical fiber preform is improved. From the fact that 
polarization diffraction properties improve if the amount of 
core eccentricity is decreased, with the method for 
manufacturing optical fiber according to the seventh 
invention, it is possible to obtain a more precise optical 
fiber, and a large optical fiber preform can be manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view illustrating how an 

optical fiber preform is manufactured. 

Fig. 2 is a perspective view showing how the glass pipe 

and the glass rod being are formed into a single unit by the 

method for manufacturing an optical fiber prefom according 

to the first embodiment. 

Fig. 3 is a diagram that corresponds to Fig. 2 and 
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Shows how the glass pipe and the glass rod are formed into a 
single unit by a conventional method for manufacturing an 
optical fiber preform. 

Fig. 4 shows the experimental results of an evaluation 
of the bubbles inside an optical fiber preform, and the 
amount of measured core eccentricity in the optical fiber 
drawn out from an optical fiber preform, when manufacturing 
the optical fiber preforms at various Ll/ (Ll'^L2) values. 

Fig. 5 shows the experimental results of an evaluation 
of the bubbles inside an optical fiber preform, and the 
amount of measured core eccentricity in the optical fiber 
drawn out from an optical fiber preform, when manufacturing 
optical fiber preforms at various {dO/DO) / {dl /Dl) values. 

Fig. 6 is a diagram that corresponds to Fig. 2 and 
shows how the glass pipe and the glass rod are formed into a 
single unit when there is a small clearance. 

Fig. 7 is a diagram that corresponds to Fig. 2 and 
shows how the glass pipe and the glass rod are formed into a 
single unit when there is a large clearance. 

Fig. 8 is a diagram showing the amount of core 
eccentricity and the number of formed bubbles as a function 
of LI/ (L1'^L2) , as obtained by experiment. 

Fig. 9 is a diagram showing the amount of core 
eccentricity as a function of {dO /DO) / (dl /Dl) , as obtained by 
experiment . 

Fig. 10 is a diagram that corresponds to Fig. 2 and 
shows how the glass pipe and the glass rod are formed into a 
single unit by the method for manufacturing an optical fiber 
preform according to the second embodiment. 

Fig. 11 is a diagram corresponding to Fig. 2 and shows 
how the glass pipe and the glass rod how formed into a single 
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unit when a glass pipe having a large inner diameter is used. 

Fig. 12 is a diagram corresponding to Fig. 2 and shows 
how the glass pipe and the glass rod are formed into a single 
unit when a glass pipe having a large inner and outer 
diameter is used. 

Fig. 13 is a diagram corresponding to Fig. 2 and shows 
how the glass pipe and the glass rod are formed into a single 
unit when a glass rod having an outer diameter that has been 
reduced by elongating is used. 

Fig. 14 is a diagram corresponding to Fig. 2 and shows 
how the glass pipe and the glass rod are formed into a single 
unit when the glass rod that is used has an outer diameter 
that has been reduced by removing the cladding portion. 

Fig. 15 is a diagram corresponding to Fig. 2 and shows 
how the glass pipe and the glass rod are formed into a single 
unit when there is a small clearance. 

Fig. 16 shows the experimental results of an evaluation 
of the bubbles inside an optical fiber preform, and the 
amount of measured core eccentricity in the optical fiber 
drawn out from an optical fiber preform, in a case wherein 
optical fiber preforms were manufactured at various 
clearances and glass rod feed rates. 

BEST MODE FOR CARRYING OUT THE INVENTION 

First Embodiment 

The first embodiment corresponds to the first through 

third inventions. 

Fig. 1 illustrates the state during the manufacturing 
of an optical fiber preform according to the first embodiment. 
Numeral 1 denotes a glass pipe for the cladding, numeral 2 
denotes a glass rod for the core or for the core and the 
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cladding, and numeral 3 denotes a heater for heating both the 
glass pipe 1 and the glass rod 2. For the glass pipe 1, it 
is possible to use a glass pipe that has been manufactured by 
OVD, for example. Furthermore, the glass rod 2 can be a 
glass rod made by sintering a deposit of fine glass particles 
that have been deposited by the VAD method, or a glass rod 
made by forming and solidifying core glass on the inner wall 
of a cladding pipe by MCVD. Furthermore, for the furnace 
provided with the heater 3, more specifically a carbon 
resistance furnace or a high-frequency induction furnace can 
be used. 

The manufacturing procedure of the optical fiber 
preform is explained next. First, in a state wherein the 
upper ends of the glass pipe 1 and the glass rod 2 are held 
by a holding device, which has been omitted from the drawings, 
the glass rod 2 is inserted into the glass pipe 1 such that 
it is coaxial with the glass pipe 1. Then, while the 
pressure inside the glass pipe 1 is reduced by a pressure 
reducing device, which has been omitted from the drawings, 
the glass pipe 1 and the glass rod 2 are moved downward by 
the holding device such that they are positioned within the 
heater 3 (see arrows in Fig. 1). 

The glass pipe 1 and the glass rod 2 are heated by the 
heater 3, and once the glass pipe 1 has melted, the 
difference in pressure inside and outside the glass pipe 1 
causes the glass pipe 1 and the glass rod 2 to become a 
single unit. Formed into a single unit, the optical fiber 
preform 4 is drawn by a drawing device (omitted from the 
drawings) provided below the heater, and is elongated 
downwards (see arrows in Fig. 1), and thus the glass pipe 1 
and the glass rod 2 are formed into a single unit at the same 
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time that the optical fiber preform 4 is elongated. 

in the first embodiment, as shown in Fig. 2, by 
adjusting the level of pressure reduction within the glass 
pipe 1, the glass rod 2 is pre-elongated before the glass 
pipe 1 and the glass rod 2 are formed into a single unit, and 
then the glass pipe 1 and the glass rod 2 are formed into a 
single unit. This means that the glass rod 2 begins to 
elongate at a position that is above the position at which 
the glass pipe 1 and the glass rod 2 become a single unit 
(see LI in Fig. 2). Note that L2 in the drawing shows the 
length between the position at which the glass pipe 1 and the 
glass rod 2 become a single unit, and the position at which 
the outer diameter of the glass pipe 1 becomes a 
predetermined diameter D2 due to the elongating of the glass 
pipe 1 and the glass rod 2 which have been formed into one 
unit. 

on the other hand. Fig. 3 shows how the glass pipe 1 
and the glass rod 2 are formed into one unit in accordance 
with a conventional optical fiber manufacturing method. In 
this case, the glass pipe 1 and the glass rod 2 become a 
single unit with neither of them being elongated, and the 
optical fiber preform 4 is elongated only after they have 
been formed into one unit, and therefore there is no LI, 

The following is a description of an experiment that 
was conducted with method for manufacturing an optical fiber 
preform according to the first embodiment. 

Fig. 4 shows the experimental results of an evaluation 
regarding bubbles formed in the optical fiber preform 4, and 
the amount of core eccentricity in the optical fiber drawn 
out from the optical fiber preform 4, when the optical fiber 
preform 4 was manufactured using various glass pipes 1 and 
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glass rods 2, and the value of Ll/(L1+L2) as the parameter 
was changed by altering the pressure reduction level within 
the glass pipe 1. Fig. 5 shows the experimental results of 
an evaluation regarding bubbles formed in the optical fiber 
5 preform 4, and the amount of core eccentricity in the optical 
fiber, when the optical fiber preform 4 was manufactured 
using various glass pipes 1 and glass rods 2, when the gap 
(Clearance: {dO/DO) / (dl/Dl)) between the glass pipe 1 and 
the glass rod 2 is small (see Fig. 6), and when the clearance 
10 is large (see Fig. 7). 

Here, DO and dO are the outer diameter and inner 
diameter of the glass pipe 1 before elongating, Dl and dl are 
the outer diameter and inner diameter of the glass pipe 1 at 
the position of integration, and D2 and d2 are the outer 
15 diameter (optical fiber preform diameter) and inner diameter 
of the glass pipe 1 when the elongating operation is finished. 
Furthermore, d is the outer diameter of the glass rod 2 
before elongating. 

Working Examples 1 to 8 in Fig. 4 are examples in which 
20 the optical fiber preform 4 was manufactured by adjusting the 
level of pressure reduction within the glass pipe 1 so as to 
pre-elongate the glass rod 2 before the glass pipe 1 and the 
glass rod 2 are formed into a single unit (see Fig. 2), and 
of Working Examples 1 to 8, in Working Examples 1 to 5, the 
25 glass pipe 1 has a relatively small outer diameter DO, 
whereas in Working Examples 6 to 8, the glass pipe 1 has a 
relatively large outer diameter DO. 

Furthermore, Working Examples 9 to 14 in Fig. 5 are 
examples in which the optical fiber preform 4 was 
30 manufactured by adjusting the pressure reduction levels 
within the glass pipe 1 so as to pre-elongate the glass rod 2 
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before the glass pipe 1 and the glass rod 2 are formed into a 
single unit, and of Working Examples 9 to 14, in Working 
Examples 9 to 12, the outer diameter DO of the glass pipe 1 
is relatively small, whereas in Working Examples 13 and 14, 
the outer diameter DO of the glass pipe 1 is relatively large. 

On the other hand, in Conventional Examples 1 and 2, 
neither the glass pipe 1 nor the glass rod 2 are pre- 
elongated before they are formed into a single unit, and the 
optical fiber preform 4 is manufactured by elongating the 
glass pipe 1 and the glass rod 2 only after they have become 
a single unit (see Fig. 3). In Conventional Example 1, the 
outer diameter DO of the glass pipe 1 is relatively small, 
whereas in Conventional Example 2, the outer diameter DO of 
the glass pipe 1 is relatively large. 

Moreover, in Comparative Example 1 in Fig. 4, the level 
of pressure reduction in the glass pipe 1 is small, and the 
glass pipe 1 and the glass rod 2 were not completely formed 
into a single unit {L2=0). 

Fig. 8 is a diagram based on Fig. 4 and Fig. 5, in 
which the value of LI/ {L1'^L2) is plotted along the horizontal 
axis, and the number of bubbles formed in the optical fiber 
preform (black squares) and the amount of core eccentricity 
of the optical fiber (white triangles) are plotted along the 
vertical axis. From Fig. 8, it can be seen that if the value 
of LI/ (L1-^L2) is at least 0.1 and not more than 0.8, then the 
formation of bubbles and core eccentricity are both prevented. 
This trend is the same even when the outer diameter DO of the 
glass pipe 1 is large, as in Working Examples 6 and 7, for 
example, and it was found that the formation of bubbles and 
core eccentricity were reliably prevented even when the glass 
pipe 1 had a large diameter (large DO) or was thick walled 
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(small dO/DO). 

From the above results, it was possible to confirm that 
the optical fiber preform 4 can be manufactured under the 
prevention of bubbles and eccentricity by elongating the 
5 glass pipe 1 and the glass rod 2 and forming them into a 
single unit such that 0.1 ^ Ll/{L1+L2) S 0.8. 

Fig. 9 is also a diagram based on Fig. 4 and Fig. 5, in 
which the value of (dO/DO) / (dl /Dl) is plotted on the 
horizontal axis, and the amount of core eccentricity is 
10 plotted on the vertical axis. From Fig. 9, it was found that 
core eccentricity is prevented if the value of 
(dO/DO) / (dl/Dl) is not larger than 2, that is, when there is 
a relatively small clearance, 
hi From the above results, it was possible to confirm that 

^ 15 the optical fiber preform 4 can be manufactured under 
prevention of core eccentricity by forming the glass pipe 1 
and the glass rod 2 into one unit and elongating them such 

that (dO/DO)/(dl/Dl) ^ 2. 

It should be noted that with the method for 
20 manufacturing an optical fiber preform according to the first 
embodiment r the same effects can also be obtained if the 
glass pipe 1 and the glass rod 2 are elongated upward, 
opposite from the illustration in Fig. 1. 

25 Second Embodiment 

The second embodiment corresponds to the fourth through 
seventh invention. The basic configuration of the method for 
manufacturing an optical fiber preform according to the 
second embodiment is substantially the same as that of the 
30 first embodiment (see Fig. 1), and thus only different 
aspects will be explained. 
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The grasping device^ which has been omitted from the 
drawings r grasps the upper ends of the glass pipe 1 and the 
glass pipe 2 and is configured such that it can move the 
glass pipe 1 and the glass rod 2 in a downward direction, but 
the moving directions can be set to feed rates for the glass 
pipe 1 and the glass rod 2 (feeding speed toward the heater 
3) that differ from one another. 

Furthermore/ the holding device is configured such that 
it is able to rotate the glass rod 2 around the axis X in the 
longitudinal direction of the glass rod 2, and when necessary, 
to form the glass pipe 1 and the glass rod 2 into a single 
unit while rotating the glass rod 2. 

The following describes the manufacturing of the above 
optical fiber preform 4. The glass rod 2 that is used in the 
second embodiment has been elongated to relatively small 
diameter (see d of Fig. 10), and on the other hand, the glass 
pipe 1 is a conventional glass pipe. Thus, the gap 
(clearance) between the glass rod 2 and the glass pipe 1 is 
relatively large. 

Then, in a state wherein the glass rod 2 has been 
inserted into the glass pipe 1, the glass pipe 1 and the 
glass rod 2 are moved downwards while the pressure inside the 
glass pipe 1 is reduced by the pressure reducing device, and 
at this time the feed rate Vr of the glass rod 2 is set so 
that it is faster than the feed rate Vp of the glass pipe 1. 
Thus, the outer diameter of the glass rod 2 at the position 
where the glass rod 2 is formed into a single unit with the 
glass pipe 1 becomes the outer diameter dl of the glass rod 2 
that is necessary to achieve the set C/C for the optical 
fiber preform 4. As a result, the target C/C is attained for 
the integrally formed optical fiber preform 4. 
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When for example the C/C of the glass rod 2 changes 
along the longitudinal direction of the glass rod 2, then the 
feed rate Vr of the glass rod 2 is adjusted by a pre-set 
control program so that the C/C of the optical fiber preform 
4 becomes the predetermined C/C. 

Thus, if the clearance is made relatively large by 
setting the outer diameter of the glass rod 2 to a small 
diameter, rubbing between the glass pipe 1 and the glass rod 
2 can be avoided to prevent the formation of bubbles. 
Moreover, by increasing the feed rate Vr of the glass rod 2, 
the amount of the glass rod 2 that is fed per unit of time 
does not drop, even if the glass rod 2 has a small outer 
diameter. Therefore, even if the glass pipe 1 does not have 
a small cross section area, an optical fiber preform 4 with a 
predetermined C/C can be manufactured, and a large optical 
fiber preform 4 can be manufactured. A glass pipe of the 
same size as a conventional glass pipe can be used for the 
glass pipe 1, and thus there are no cost increases related 
for example to changing the size of the glass pipe 1, and 
moreover, the heating furnace does not have to be changed to 
a large heating furnace. Furthermore, because the glass pipe 
1 does not have large inner or outer diameters, the glass 
pipe 1 uniformly reduces its diameter when the glass pipe 1 
and the glass rod 2 become a single unit. Thus, eccentricity 
of the core can be avoided. 

Furthermore, adjusting the feed rate Vr of the glass 
rod by increasing or decreasing it, an optical fiber preform 
having a desired C/C can be manufactured even if the core 
diameter, the C/C, or the refractive index difference between 
the core and the cladding in the glass rod 2 change in the 
longitudinal direction. 
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Furthermore/ when necessary ^ the glass rod 2 can be 
formed into a single unit with the glass pipe 1 while it is 
rotated around its longitudinal central axis X to improve 
axial symmetry in the optical fiber 4 with respect to the 
longitudinal central axis and thus the amount of core 

eccentricity of the optical fiber preform 4 can be reduced. 

It should be noted that it is also possible to perform 
a feedback control on the feed rate Vr of the glass rod 2 so 
as to control the feed rate Vr based on a measurement of the 
core diameter of the optical fiber 4 made while the glass 
pipe 1 and the glass rod 2 are formed into a single unit, for 
example • 

It is also possible to adjust the feed rate of the 
glass pipe 1 instead of adjusting the feed rate Vr of the 
glass rod 2. Also in this case, the same results and effects 
as above can be achieved. 

Furthermore, the glass pipe 1 can be rotated around the 
longitudinal central axis X instead of rotating the glass 
pipe 2 around its longitudinal central axis X. This, too, 
improves the axial symmetry with respect to the longitudinal 
central axis X of the optical fiber preform 4, and decreases 
the amount of core eccentricity of the optical fiber preform 
4. It is also possible to rotate both the glass pipe 1 and 
the glass rod 2. 

With the method for manufacturing an optical fiber 
preform according to this second embodiment, the same effects 
can be obtained even if the glass pipe 1 and the glass rod 2 
are elongated upwards. 

The following is a description of an experiment 
performed using the method for manufacturing an optical fiber 
preform according to the second embodiment. 
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Fig. 16 illustrates the results of an experiment 
performed to evaluate the formation of bubbles in the optical 
fiber preform, and the amount of core eccentricity measured 
after the optical fiber preform is drawn into optical fiber , 
when the optical fiber preform is manufactured using a 
variety of glass pipes 1 and glass rods 2, and changing the 
size of the clearance and the feed rate Vr of the glass rod 2 
as parameters. 

Here, d is the diameter of the glass rod 2 before it is 
elongated, and dl and dl ' are the outer diameter of the glass 
rod 2 (inner diameter of the glass pipe 1) at the spot where 
the glass pipe 1 and the glass rod 2 are formed into a single 
unit. Further, Vr is the feed rate of the glass rod 2, and Vp 
is the feed rate of the glass pipe 1. 

Furthermore, in the Working Example and Comparative 
Examples 1 and 2 of Fig. 16, as shown in Fig. 10, Fig. 13, 
and Fig. 12, there is a relatively large clearance, and 
therefore the optical fiber preform is manufactured without 
the glass pipe 1 and the glass rod 2 rubbing against each 
other. In the Working Example, the optical fiber preform was 
manufactured by feeding the glass rod 2 at a faster feed rate 
(Vr/Vp > 1) than the glass pipe 1. 

On the other hand, in Comparative Example 3, as shown 
in Fig. 15, there is a small clearance, and therefore the 
glass pipe 1 and the glass rod 2 rub against each other 
during the manufacturing of the optical fiber preform. 

From Fig. 16, it was found that in Comparative Examples 
1 and 2, in which there is a large clearance, the formation 
of bubbles resulting from rubbing between the glass pipe 1 
and the glass rod 2 is prevented, however, either the cut-off 
wavelength significantly differs from its target value 
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(Comparative Example 1), or there is an increase in the 
amount of core eccentricity (Comparative Example 2), 
Moreover, it was found that in the Comparative Example 3, in 
which there is a small clearance, bubbles form as a result of 
rubbing between the glass pipe 1 and the glass rod 2. 

In contrast, in the Working Example, in which there was 
a large clearance and the feed rate Vr of the glass rod 2 was 
faster than the feed rate of the glass pipe 1, both the 
formation of bubbles and core eccentricity were prevented, 
and moreover, the cut-off wavelength of the obtained optical 
fiber was the value of the target cut-off wavelength. 

From the above results, it was possible to confirm that 
with the method for manufacturing an optical fiber preform 
according to the second embodiment, it is possible to 
manufacture a large optical fiber preform in which the 
formation of bubbles and core eccentricity are reliably 
prevented, and from which an optical fiber with the target 
cut-off wavelength can be obtained. 



